I. Introduction
Groundwater in the Southwestern Chad Basin occurs in the Quaternary Chad Formation. Hydrogeologically it is the most prolific stratigraphic unit in the Basin. Groundwater in this deposit occurs under both confined and unconfined conditions. Three aquiferous zones have been clearly demarcated and named by Barber ad Jones (1960) , as the Upper, Middle and Lower aquifers. The Upper aquifer generally unconfined and semi -confined, while the Middle and Lower Aquifers are confined. The Middle zone aquifer is the most extensive and most exploited of the zones. Because of thick clay (in some places over 100m), boreholes drilled to this zone yield artesian flow with piezometic head as high as 20m above ground level. This positive head has significantly decline over the past half a century. The reason for this has been due to over abstraction largely due to the uncontrolled discharge from artesian wells and lack of replenishments. Several authors attempt to estimate the rate of decline in the piezometric head of the Middle zone aquifer for different periods of time. (Offodile, 1972 , Adefila, 1975 Oteze and Fayose, 1988, Ndubisi, 1990 , Oluboye, 1995, Goni et al; 2000 etc) estimated the rate of decline in piezometric head of the Middle zone aquifer boreholes and also the variability in head observed in boreholes drilled to the Middle zone aquifer, is the focus of this paper.
Previous work.
In 1934, Raeburn and Jones published an account of the Geology and Hydrogeology of the Nigerian part of the basin. Then followed by Barber and Jones (1960) 
II.

Hydrogeology
The Middle aquifer is confined by a clay layer up to 100m thick in some places, with pressure sufficient to cause artesian flow. It is arenaceous in nature and stores water and termed Middle zone aquifer (Barber and Jones, 1960) .Because of the heterogeneity of the aquifer materials, there is variability in hydraulic properties. Miller et al (1968) gave the following hydraulic parameters: Hydraulic conductivity range from 0.0000428 -0.000179 m/sec (90 -380 gpd per square foot); transmissivity 0.000818 -0.1141m 2 /sec (520 -72,500 gpd per foot; storage coefficient 0.000014 -0.00018. They further subdivide the aquifer into six based on water yielding capability.
SCOPE OF STUDY
The study area is the Middle zone aquifer of the Nigerian sector of the Chad Basin. Furthermore, Recharge Estimation (qualitatively) was carried out where the Middle aquifer is suspected to have outcropped or merged with the Upper aquifer, boreholes in that area was monitored for a period of 12 months using groundwater level fluctuation method. This method is chosen because a water level rise is the clearest indicator of recharge if all abstraction remains unchanged and atmospheric pressure effects can be ruled out.
The static water level (SWL) of seventy one Middle zone aquifer boreholes were monitored from February, 2010 to January, 2011 by the use of water level indicator as earlier used by researcher across the study area. These boreholes were drilled in 1960's -2010's were analysed to determine the rate of decline over the last half century. The SWL of each borehole is measured once in a month.
The Middle zone aquifer is the most extensive and widely exploited of all the zones, extending to Republics of Niger, Cameroon and Chad. Because of the thick clay Formation (in some places over 100m), boreholes drilled to this zone yield artesian flow with piezometric head as high as 20m agl. This positive head has significantly decline over the past half century. The reason for this has been due to over abstraction largely due to the uncontrolled discharge from the artesian wells and lack of or little replenishments (Adefila, 1975 , BRGM, 1993 .
The pressure heads are falling drastically due to indiscriminate and uncontrolled exploitation of the aquifer. There is still a noticeable decline in pressure surface of the free-flowing artesian wells in the Nigerian sector of the Chad Basin and consequently a shift in the limit of artesian flow in the pressure water of the Middle zone aquifer of the Chad Basin area eastward towards the lake with about 23 km for the last half a century ( fig.2 ). The increase in social and economic development in the area has brought about a sharp increase in groundwater exploitation resulting in the decline of the piezometric head of the Middle zone aquifer (Oteze and Fayose, 1988) .
The boreholes drilled to the Middle zone in the 1960 yield artesian flow in Maiduguri with a piezometric head of over 8 m agl while in the 2010 boreholes piezometric head of 34 m bgl was recorded in Maiduguri. Furthermore, the artesian wells are now mostly found in the north of Maiduguri towards the Lake Chad. The closest artesian well to Maiduguri is in Zuntur village in Nganzai local government area of Borno State which is about 27 Km northeast of Maiduguri (by road).However, from the above calculations an estimated shift of 23 Km northeastwards towards the Lake is made for the past half a century.
The pressure heads are falling drastically due to indiscriminate and uncontrolled exploitation of the aquifer. There is still a noticeable decline in pressure surface of the free-flowing artesian wells in the Nigerian sector of the Chad Basin and consequently a shift in the limit of artesian flow in the pressure water of the Middle zone aquifer of the Chad Basin area eastward towards the lake with about 23 km for the last half a century (Fig.2.) .
The water demand has dramatically increased over the last few decades, due to population growth and changes in life style of the people occasioned by modernization. This has brought about a sharp increase in groundwater exploitation resulting in the decline of the piezometric head of the Middle zone aquifer (Goni et al, 2000) . The average static water levels of 1960s, 1970s and 1980s boreholes were determined to be 11.2, 10.1 and 6.7 m above ground level (agl) at their times of completion while the 1990s, 2000s and 2010s boreholes had piezometric heads 4.7,1.8 and 0.1m agl at their completion times.
In evaluating the rates of decline both completion static water level and 2010 static water level of 1960s -2010s boreholes and their present head are considered.
The piezometric head was gradually decreasing from 11.20m agl in 1960s to 0.1m agl in 2010.The high piezometric head decline in1960s -1970s was from 11.2 m agl to 10.1 m agl, yielding a decline of 1.1 m. From 1970s -1980s the head dropped from 10.1 to 6.7 m agl, yielding a decline of 3.4 m agl. Furthermore, from 1980s to 1990s the decline was 5.4 m agl; from 10.1 m agl to 9.7 m agl whereas from 1990s -2000s it was 2.9m agl, from 4.7 m agl to 1.8 m agl, and in 2010 the decline was 1.3m agl from 1.8 m agl to -0.5 m agl. There is gradual decline in the piezometric head and rates from 1990 to 2000, the declined and rate of decline are from 1.3 m to 0.13 m/year respectively. Population increase in the region and the conversion of many artesian wells to cement wells are believed to be responsible for these change. Furthermore the intervention by the local and state government in drilling boreholes for rural water supply is also a contributing factor. The decline is 1.7m while the rate is 0. That their yields are also decreasing gradually from 1960 (12.8 l/s) to 2010 (1.4 l/s) is explained by the increase in the rate of exploitation, borehole construction method, borehole age among other factors. The boreholes locations used for the analysis of the decline in the piezometric head in the area over half a century is shown in fig.1 .
The decline in the Pressure head of the Middle zone aquifer boreholes is caused principally by three (3) parameters. These are: The Percentage Screen, Yield and development period of boreholes.
In the 1960's boreholes, percentage screening does not follow the trend of 50-70% screening increases the yield of borehole. It is obvious that screening boreholes up to 50-70%; increases yield than does screened < 50-70%. In this case some boreholes have high yield corresponding to the % screen while others have the reverse showing the haphazard methods of screening of boreholes in the Nigerian sectors of the Chad Basin, hence, showing scatter points without definite trend/relationship between the yield against the percentage screened of boreholes in 1960's ( fig.3.) .
The piezometric head of the Middle zone aquifer boreholes has declined over the past 30 years. The main reason for the declined has been the over abstraction and lack of replenishment. However factors such as the deterioration of the boreholes, boreholes interference and differences in borehole construction methods may also contribute to the observed declined.
The differences in the borehole construction methods, percentage of aquifer thickness screened and development hour's results in differences in the yield of boreholes drilled to the same depth, place and time. The three parameters of percentage screened, well diameter, and development hours have been analysed for boreholes from 1960 -2010. The plot does not show any particular trend hence depicts scattering of points. The pressure heads are falling drastically due to indiscriminate and uncontrolled exploitation of the aquifer. There is still a noticeable decline in pressure surface of the free-flowing artesian wells in the Nigerian sector of the Chad Basin and consequently a shift in the limit of artesian flow in the pressure water of the Middle zone aquifer of the Chad Basin area eastward towards the lake with about 23 km for the last half a century ( fig.2) .
The water demand has dramatically increased over the last few decades, due to population growth and changes in life style. Not only has the demand increased due to the population growth, but there has also been a change in the life style of the people occasioned by modernization. This brought about a sharp increase in groundwater exploitation resulting in the decline of the piezometic head of the Middle zone aquifer (Oteze and Fayose, 1988) .
III.
Conclusion
The pressure head in the Middle zone aquifer is declining at the rate of 0.2 m / year for the past half a century. Their yields are also decreasing gradually from 1960 (12.8 l/s) to 2010 (1.4 l/s). This is explained by the increase in the rate of exploitation, borehole construction method, borehole age among other factors. Furthermore, lack of present day recharge to the Middle zone aquifer, heterogeneity and variable thickness of clay layer confining the zone play important role in the piezometic head declines of the Middle zone aquifer.
